In this article, the combined theoretical and computational study of the magneto hydrodynamic heat transfer in an electro-conductive polymer on the external surface of a vertical truncated cone under radial magnetic field is presented. Thermal and velocity (hydrodynamic) slip are considered at the vertical truncated cone surface via modified boundary conditions. The Williamson viscoelastic model is employed which is representative of certain industrial polymers. The governing partial differential equations (PDEs) are transformed into highly nonlinear, coupled, multi-degree non-similar partial differential equations consisting of the momentum and energy equations via appropriate non-similarity transformations. These transformed conservation equations are solved subject to appropriate boundary conditions with a second order accurate finite difference method of the implicit type. Validation of the numerical solutions is achieved via benchmarking with earlier published results. The influence of Williamson viscoelastic fluid parameter, magnetic body force parameter, Thermal and velocity (hydrodynamic) slip parameters, stream wise variable and Prandtl number on thermos-fluid characteristics are studied graphically. The model is relevant to the simulation of magnetic polymer materials processing.
INTRODUCTION
Natural convection possesses immense uses for researchers with its presence in both nature and engineering applications. Convection cells appear in nature, from the thermals that rise above the sun light-warmed land or water, which is fundamental to all weather systems. This can also be observed in the rising plume of hot-air from fire, ocean currents and sea-wind formation. Natural convection heat-transfer is widely employed in the areas of engineering such as: Cooling of commercial high-voltage electrical power transformers, Heating of houses by electrical baseboard heaters, Heat-loss from steam pipe lines in power plants and Heat-gain in refrigerant pipelines in air conditioning applications. It is also employed in the Cooling of reactor cores in nuclear power plants, although the coolant is often driven by pumps, resulting in more efficient heat transfer by forced convection, Refrigeration of electronic devices (chips, transistors) by finned heat sinks, although a fan is often used to segregate the natural convection with forced convection. In other studies, like fluid dynamics, nonNewtonian fluids play a very important role. In explaining the rheological properties of fluids, it may be said that the fluid thickness changes significantly with temperature.
Many authors have examined the vertical cone with natural convection heat transforms, such as studied the multiple slip effetcs on heat transfer in a jeffery fluid over an inclined vertical plate. employed the partial slip effect on mixed convection flow towards a permeable shrinking sheet with stagnation point. Satya Narayana and Venkateswarlu (2016) presented the MHD micropolar fluid past a vertical porous plate in the presence of thermal radiation. Siddiqi et al. (2017) investigated the MHD micropolar fluid flow over shrinking sheet with radiation. Hayat et al. (2014) studied the MHD stagnation point flow of Jeffrey's fluid flow in an isothermal cone due to convective boundary conditions. Rao et al. (2015) explained the non-isothermal wedge with flow of Jeffrey's fluid. Nasir et al. (2016) utilized the presence of the heat source with heat transfer of a couple stress fluids over an oscillator-stretching sheet. Sadia Siddiqi et al. (2017) reported the presence of thermal radiation with periodic MHD natural convection boundary layer problem obtained by the micro-polar fluid. Ram Reddy and Pradeepa (2015) presented the convective boundary condition are represented by a free convective flow along a permeable vertical plate of a micro-polar fluid. Ashmawy (2015) analyzed fully developed by the micro-polar with natural convection. Dulal Pala and Gopinath Mandal (2017) studied the micropolar with MHD effects of stretching sheet of nanofluids. Bourantas and Loukopoulos (2014) explained the MHD field in an inclined rectangular with transient, laminar and natural convection flow of a micropolar Nano fluid. Asia et al. (2016) explained the electrically showing micropolar fluid in a porous channel with contracting wall under the exploit of MHD. Hari et al. (2015) investigated the magnetic, material and viscosity parameters on natural convective flow along vertical walls in case of both asymmetric and symmetric cooling and heating of the walls. Rashad et al. (2014) have obtained a mixed convection in two -dimensional boundary layer flow of a micropolar fluid in a vertical plane with the effect of chemical reaction coupled with heat and mass transfer. Ahmad et al. (2012) investigated the laminar film flow of a micro-polar fluid with boundary layer of micropolar fluid. Nagendra et al. (2008) investigated Peristaltic motion of a power-law fluid in an asymmetric vertical channel. Isaac Lare Animasaun (2016) analyzed the horizontal linearly stretchable melting surface with mixed convection of micropolar fluid. Aparna et al. (2017) explained the flow of fluid with slow rotation in permeable sphere in micropolar fluid. Mishra et al. (2015) investigated the concentration of a double stratified micro-polar fluid in the presence of a magnetic field with electrically conducting incompressible viscous fluid on a vertical plate. Naveed et al. (2016) studied radiation effect with curved stretching sheet of boundary layer flow of a viscous fluid. Srinivasa Charya and Mendu Upendar (2013) employed double stratified micropolar fluid with heat and mass transfer characteristics of the free convection on a vertical plane with a variable wall temperature and concentration. Ching -yang examined the micropolar fluids about the sphere with constant wall temperature and concentration by the natural convection of heat and mass transfer. Rawat et al. (2016) The objective of the present investigation intends to study heat transfer boundary layer flow of Jeffrey's fluid from a vertical isothermal cone in the presence of micro-polar fluid with suction effect is also considered. The sequential solutions for velocity, angular velocity and temperature fields are computed by using Keller's implicit finite difference box scheme. The effects of governing flow parameters on the flow, angular velocity, temperature, friction factor coefficient and local Nusselt number are discussed and presented here in through graphs and tables
MATHEMATICAL MODEL
Consider a 2-D study free convection boundary layer flow a of non-Newtonian Jeffrey fluid from a vertical isothermal cone in micropolar fluid regime. It is assumed that both the cone and Jeffrey fluid are maintained initially at the same temperature. Instantaneously it is raised to a temperature w T T   , where the latter (ambient) temperature of the fluid is sustained constant. The basis of the coordinate system is placed at the vertex of the cone, where the xcoordinate is measured along the slant surface of the cone from the origin and the y -coordinate is directed normal to the surface cone (See Fig.1 ). w T T   i.e. the ambient temperature of the fluid which remains unchanged.
Where a dot above quantity denotes the material time derivative, P is pressure, I is the identity tensor,  is dynamic viscosity,  is the ratio of relaxation to retardation times, 1
 is the retardation time and  is the shear rate.
The Jeffrey's model deals a formulation for simulating elastic effects arising in non-Newtonian flows. The shear stress rate and gradient of shear stress rate are defined as follows
Fig. 1 Physical model and coordinate system
The Jeffery's model provides an elegant formulation for simulating retardation and relaxation effects arising in polymer flows. The outline of the appropriate terms in a flow model is considered next. The resulting boundary value problem is found to be well-posed and permits an excellent mechanism for the assessment of rheological characteristics of the flow behaviour.
We assume that the Boussinesq and boundary layer approximations, the governing equations for the conservation of mass, momentum, microrotation and energy can be written in two-dimensional Cartesian coordinates (x, y) which are relevant to the problem are as follows.
Here u and v are the velocity components in the x-and y-directions respectively, ν-the kinematic viscosity of the electrically conducting fluid.
The physically appropriate boundary conditions are as follows 1 0 0 2 0 0 0
We introduce a stream function  is defined by the Cauchy-
We introduce the non-dimensional variables
Substituting Eqn. (10) into the Eqns. (5)- (7), we obtain the following equations as
Then the corresponding dimensionless boundary conditions becomes
The skin-friction coefficient and the local Nusselt number (heat transfer rate) can be defined using the transformations described above with the following expressions:
NUMERICAL SOLUTION WITH KELLER BOX IMPLICT METHOD
The efficient Keller-box implicit difference method is implemented to solve the non-linear boundary layer eqns. (11) - (13) subject to the boundary conditions (14). This method originally developed for low speed aerodynamic boundary layers by Keller has been employed in a diverse range of nonlinear MHD and coupled heat transfer problems. It includes pressure work effect on natural convection flow from a vertical circular cone with suction and nonuniform surface temperature. Very few of these papers, It has been used recently in polymeric flow dynamics by for viscoelastic models. However, have provided guidance for researchers as to customization of the Keller-Box scheme to heat transfer problems. 
Where primes denote differentiation . In terms of the dependent variables, the boundary conditions become:
Phase b: Finite difference discretization of reduced boundary layer equations
A two-dimensional computational grid (mesh) is imposed on the -η plane as sketched in Fig.2 . The stepping process is defined by:
Where kn and hj denote the step distances in the ξ (stream wise) and η (span wise) directions respectively 
We now state the finite-difference approximation of Eqns. (17)- (20) for 
  
Where, we have used the abbreviation
  1 2 1 2 1 2 4 4(1 ) ( 7) 4 1 ( 2) 4 4 2 ( )
The boundary conditions are
Phase c: Quasi linearization of non-Linear Keller Algebraic Equations
If we assume 
Phase d: Block-Tridiagonal Elimination of Linear Keller Algebraic Equations
Linear system is solved using the block-elimination method, since it possess a block-tridiagonal The structure consists of variables or constants, but here an interesting feature can be observed, namely that it consists of block matrices the complete linearized system is formulated as a block matrix system, where each element in the co-efficient matrix is a matrix itself. Then, this system is solved using the efficient Kellerbox method. The numerical results are strongly influenced by the number of mesh points in both directions. After some trials in the  -directions (radial coordinate) a larger number of mesh points are selected, whereas in the  -directions (tangential coordinate) significantly less mesh points are necessary. The numerical algorithm is executed in MATLAB on a PC. The method demonstrates excellent stability, convergence and consistency, as elaborated by Keller (1970) . coupled boundary layer equations in a ( ,   ) coordinate system remain strongly nonlinear. A numerical method, the Keller-Box implicit difference method, is therefore deployed to solve the boundary value problem defined by Ens. (14) - (15) with boundary conditions (16). This technique has been described succinctly in Cebeci and Bradshaw (1984) and Keller (1970) . It has been used recently in polymeric flow dynamics by Subba Rao et al. (2017) 
NUMERICAL RESULTS AND DISCUSSION
Comprehensive solutions have been obtained and are presented in Table 1 -7 and Figs.3-10. The numerical problem comprises of two independent variables ( , )   , three dependent fluid dynamic variables ( , , ) f   and six thermo-physical and body force control parameter values are prescribed. De arises in connection with some higher order derivatives in the momentum boundary layer equation (11), i.e., 
 
Figs. 5(a) to 5(c) depicts the effect of the vortex viscosity parameter R on velocity   f  , temperature    and angular velocity    . For R =1, the micro-polar and Newtonian dynamic viscosity are equivalent the micro-polar and Newtonian dynamic viscosity are equivalent. For R = 0, micro-polarity is neglected and the equations reduce to Newtonian (Navier-Stokes) case. Although relatively simple in definition, R , has a prominent influence on all the flow variables. We observe in fig. 5 (a) that an increase in R strongly decelerates the flow, i.e., depresses linear velocity. Fig. 5(b) demonstrates that with stronger micro-polarity, i.e. greater R value, the temperatures are elevated in the boundary layer. The regime is significantly heated and thermal boundary layer thickness is increased. The increased vortex viscosity encourages thermal diffusion and acts like as agitator. This increases the efficiency of thermal convection within the body of the fluid from the microscopic to the macroscopic scale and effectively transports heat with greater intensity of the cone surface into the fluid regime. Fig. 5 (c) depicts that strong reversal of micro-element rotation is induced very close to the wall (cone surface) with increasing R values. Whereas, an increasing the material parameter B, the angular velocity is increased.
Figs. 7(a) to 7(c) represent typical profiles for velocity, temperature and angular velocity for various values of P r . It is observed that an increase the P r leads to decrease in velocity. The most prominent variation in profiles arises at intermediate distances from the cone surface. Furthermore, increasing Pr generates a substantial reduction in the fluid temperature and the thermal boundary layer thickness. At large Pr, the thermal boundary layer is thinner than at a smaller Pr. This is because for small values of Pr, the fluid is highly conductive. Physically, if Pr increases, the thermal diffusivity decreases and these phenomena leads to the decreasing of energy, ability that reduces the thermal boundary layer. In addition, increasing Pr reduces angular velocity. Tables 3-4 presents the impact of vortex viscosity parameter (R) on skin friction and Nusselt number coefficients along with a variation in material parameter ( B ).With increasing R , it is detected that the heat transfer rate decreases significantly and skin friction is reduced which corresponds to a retardation of the boundary layer flow. Tables 5-6 signifies the impression of Prandtl number (Pr) on skin friction and Nusselt number coefficients, along with a variation in ratio of relaxation to retardation times (  ). With increasing Pr, it is observed that the both skin friction and heat transfer rate increase significantly through the cone surface. 
CONCLUSIONS
A mathematical model has been developed for the buoyancy-driven, non -similar, free convection boundary layer flow of Jeffery's nonNewtonian fluid from a vertical isothermal cone in a micro polar fluid regime. The transformed conservation equations have been solved with prescribed boundary conditions using the finite differences implicit Keller-box method. The present simulations have shown that (i) Increase the Deborah number ( ) De decreases the velocity, angular velocity and Nusselt Number while in enhances the temperature and skin friction profiles.
(ii) Increase the vortex viscosity parameter ( ) R in retards the velocity; temperature and the Nusselt number while enhance the skin friction and angular velocity profiles. 
